Objective: To assess the total daily energy expenditure (TDEE), milk output and physical activity level (PAL) of chronically malnourished lactating women using the doubly labelled water method (DLW) Design: Prospective, longitudinal study designed to assess the extent of malnutrition and energetics of lactating tea workers and nontea workers Setting: North-east Bangladesh on women working and living in the same tea estates. Subjects: Of an original cohort of 150 lactating women, 30 were selected to participate in this study when they were at about 12 months postpartum. One mother subsequently dropped out. Interventions: On day 1 each women provided a urine sample, was administered a dose of DLW and 6 h later provided another sample. Further urine samples were collected for 21 subsequent days. In addition, every 5 days the mother provided a milk sample and at the same time her baby provided a urine sample. Results: Mean (s.d.) BMI was 17.4 (1.63). Mean TDEE and PAL were significantly higher in workers than nonworkers (8.42 (1.38) and 6.83 (2.09) MJ/day, P ¼ 0.02 and 1.92 (0.34) and 1.59 (0.44), P ¼ 0.03, respectively). Mean milk output was similar in the two groups (672 (180) ml and 749 (189) ml in workers and nonworkers, respectively). Conclusions: Based on international BMI cutoffs, 79% of mothers were suffering from some degree of chronic energy deficiency. A total of 35% of workers and 17% of nonworkers were engaged in strenuous physical activity. The mean milk output of both workers and nonworkers was not different and was high especially as most of the mothers were about 12 months postpartum. No relationship was found between menses return and any of the variables studied.
Introduction
Intensive measurements of daily energy expenditure have primarily focused on specific groups such as hunter-gatherers, different sorts of manual workers, and athletes in developed countries (Roberts, 1989; Singh et al, 1989; Schulz et al, 1992; Edwards et al, 1993; Black et al, 1996; Stroud et al, 1997; Rush et al, 1999; Prentice & Goldberg, 2000) . Although the energy cost of a large number of ordinary activities has been documented and can be used for people living anywhere in the world (Ainsworth et al, 1993) , there is a lack of information about the energy cost of daily activities for the vast majority of people living in rural areas today in developing countries. In the context of our work involving women living in the tea gardens (who are either housewives engaged in household duties or as tea pluckers in paid work outside the home), many of these rural duties do not appear in the compendium of the cost of physical activities and their energy cost has not been calculated.
Very few studies have examined the total daily energy expenditure (TDEE) in lactating women and computed their physical activity levels (PAL) using the doubly labelled water method (H 2 18 O) since it is so costly (Piers et al, 1995; Dewey, 1997) . The method, based on the use of stable isotopes of hydrogen (deuterium) and oxygen ( 18 O) naturally present in body fluids at low percentage, is perfectly safe and noninvasive even for lactating women and can be used to determine TDEE, for any subjects going about their normal activities during the course of experimentation. The method is less invasive and more accurate than either heart rate monitoring which requires calibration for each subject, or minute-by-minute records of activities which is for ethical reasons limited to day-time only. PAL is calculated by dividing TDEE by the basal metabolic rate (TDEE/BMR), where the BMR can be calculated by prediction equations. Shetty et al (1996) classified PAL based on doubly labelled water studies into five levels; chair-bound or bed-bound (1.2), seated work (1.4-1.5), seated work with moving around with no strenuous leisure activity (1.6-1.7), standing work (1.8-1.9) and strenuous work or highly active leisure (2.0-2.4). The only study carried out in a developing country using TDEE on lactating women assessed by the doubly labelled water method was in the Gambia (Singh et al, 1989) where a mean PAL of 1.97 was determined at about 5-6 months postpartum.
The doubly labelled water method has also been used to determine milk output in lactating mothers (Roberts et al, 1982; Van Steenbergen et al, 1989; Goldberg et al, 1991; Lunn, 1992; Butte et al, 2001) . Compared to other methods based on observation and weighing of the baby before and after suckling sessions, it is a noninvasive and again a more accurate method, being safe for infants and mothers.
As part of our research examining the duration of postpartum amenorrhoea we were able to determine the PAL, body composition and mean level of TDEE and their milk output using the doubly labelled water method in a group of chronically malnourished lactating women who were about 12 months postpartum. Some of the women were employed as tea workers (employed as tea pluckers for 6 months of the year and responsible for pruning and shearing of tea bushes and hoeing for the rest of the year) while the remainder were housewives of male tea workers in the same tea company.
Subjects and methods
A longitudinal survey was carried out in north-east Bangladesh on women living and working in tea estates owned by the same tea company to assess the duration of postpartum amenorrhoea. All the pregnant women (n ¼ 150) living in the tea estates who gave birth between January and June 1996 were recruited in the week following delivery, and the women only left the survey when they had experienced a return of menses, or had become pregnant again, or had started to use hormonal contraception, or when the baby or the mother had died. No women refused to participate in the study. At about 11 months postpartum a subsample of 30 lactating mothers were randomly selected from the cohort who remained in the study (n ¼ 124) to participate in the DLW study. There were no significant differences in age of mother, sex of the baby, mother's occupation, body weight, height and BMI between the 30 randomly chosen women and the 94 other women, nor were there any significant differences for these variables between the 124 women still participating in the study at 11 months postpartum and the 26 women who had dropped earlier. The only constraint for the women to participate in the DLW study being that they were still in the study and continuing to breast-feed, not using hormonal contraception, and were not pregnant. All 30 women volunteered to participate although subsequently one of the women dropped out of the study and so analyses were based on 29 mothers of whom 17 were employed as tea workers and 12 were nontea workers (ie housewives only).
The tea company provided workers and their families with very simple housing, without electricity, organized in 'labour lines', access to schooling, and rudimentary health care. During the plucking season each female tea worker received a weekly wage according to the quantity of tea she plucked. A woman had to pluck a minimum amount of 20 kg of green leaves per day, 6 days per week, in order to receive the basic wage of about 45 US cents/day. For each additional 1 kg plucked she received a further 2 US cents. If it was raining (which was quite common as the plucking season took place during the monsoon season) an extra 2 kg of leaves had to be plucked in order to secure the minimum wage. The daily task was less if unpruned tea bushes were being plucked (16 kg/ day) or if young tea bushes were being plucked (no fixed quota). For the rest of the year the female tea workers receive 45 US cents/day provided they were not absent from work (if they are sick). Each family had a small garden plot in which they grew some vegetables. The women were responsible for carrying water from a central village water pump to their home and also for collecting fuel (wood) for the household. Most of the tea pluckers are descendants of Indian families who came to work in the tea gardens some 200 years ago. Even though some schooling is available most of the workers were illiterate.
Plucking 20 kg of tea/day is quite demanding work and in addition the plucking area might be a long way from their home necessitating a walk of up to 7 kms each way. Lactating mothers were not allowed to have the baby with them during the working day. If the plucking area was nearby some mothers would return home at the lunch break to feed their infant.
Anthropometric measurements were recorded on the day of dosing by the same two assistants. The women attended the local health centre and the measurements were taken with the subjects standing on a clean horizontal concrete floor, bare-footed and wearing lightweight clothes. The clothes were weighed later and the value removed from the total weight. Arm circumference and four skinfold thicknesses were recorded using standard methods (Lohman et al, 1988) ; a calibrated Holtain calliper was used to measure biceps, triceps, subscapular and suprailiac skinfolds, height was measured with a portable stadiometer (Sieber Hegner, France) and body weight with a medical scale 720 g precision (Testu, Paris, France). Body mass index (kg/m 2 )
was calculated and fat-free mass (FFM), fat mass and per cent body fat were estimated from prediction equations that used four (biceps, tripceps, subscapular, and suprailiac) skinfold thickness measurements and body weight for females, according to their age at the time of experimentation (Durnin & Womersley, 1974) . This method was earlier validated against hydrodensitometry in Indian women with low BMI (mean (s.d.) BMI was 18.9 (3.1)), and was found to systematically overestimate body fat percentage by a small amount of 1.5% (Kuriyan et al, 1998) . Further, in this validation study, there was no correlation between the magnitude of the difference between the hydrodensitometric method and the skinfold method, and the body fat.
In the present study, body fat was also measured from the total body water content of the subjects, measured by
On the first day of the experimentation, each woman provided a baseline urine sample early in the morning just after awakening. Each subject was administered a 2.5 g/kg body weight dose of doubly labelled water followed by 50 ml of distilled water. O. This dose would increase the enrichment of respective pools of the tracee by about 300 parts per million (ppm). An aliquot of this solution was stored for analysis of the dose of isotope administered that would be incorporated in the final calculations for the pool size of each subject.
Urine samples were collected after 6 h, corresponding to the time of equilibration, and for the next 21 consecutive days by the research assistants who visited individual households. Each subject was asked to give an early morning urine sample at about the same time each day. Every 5 days the women also gave a milk sample and at the same time their baby provided a urine sample. The exact time of collection was noted and the samples were stored at À201C in tightly sealed containers until analysis. Urine and milk samples were transported frozen from the survey area to the Department of Physiology, St John's Medical College, Bangalore, India, by air, for analysis.
The urine samples were prepared for analysis of 2 H by the zinc reduction technique (Wong & Schoeller, 1990) . The principle of isotopic equilibration was used for measuring 18 O enrichment (Kurpad et al, 1997) . The isotopic enrichments were determined on an isotope ratio mass spectrometer (Europa Scientific Ltd, Crewe, UK), by a continuous flow technique. For the measurement of deuterium, a dual inlet isotope ratio mass spectrometer (Europa Scientific Ltd, Crewe, UK) was used, where reference and sample hydrogen gas, were alternately admitted into the mass spectrometer so that a simultaneous recording of sample vs reference gas could be made. The coefficient of variation of repeated measurements of deuterium was less than 0.02%, and of 18 Oxygen was less than 0.01%.
Pool sizes for each of the isotopes were calculated from the dose of isotope administered and the zero-time enrichment of the isotope in body water, which was obtained as the Yintercept after the log-transformed urinary isotopic washout data were plotted against time (Coward, 1990) . This calculation also took into account the measurement of the enrichment of the dose, as well as dilution factors during administration. The FFM was estimated using the TBW measured by 18 O, and we assumed that no correction factor for dilution of 18 O into other body compartments was required. It was also assumed that the TBW resided entirely within the FFM, and that the hydration of the FFM was 0.7194 (Siri, 1961) . Then, body fat was calculated as the difference between body weight and the FFM weight. For the measurement of energy expenditure, the average CO 2 production in mmoles per day was calculated from the rate constant of the disappearance of both isotopes from the body. Since the isotopic enrichments of deuterium and 18 O in their respective pools are affected by fractionation of the isotope, due to evaporation of insensible perspiration, or because of respiratory transpiration in the breath, corrections for the fractionation of isotope during transcutaneous water vapour loss or between water vapour and CO 2 in breath were inserted into the calculation of CO 2 production rate (Schoeller & Coward, 1990) . The total energy expenditure of each subject was calculated as the product of CO 2 output in litres and the energy equivalent of CO 2 (Elia, 1990) that was derived from the measured food quotient (FQ) of each subject and expressed in MJ/day. The FQ is a surrogate for the respiratory quotient, which is needed for selecting the correct heat equivalent of the measured CO 2 output. This is in turn required for calculating the energy expended for every mole of CO 2 produced/day, to obtain the TDEE. The FQ is calculated as the amount of CO 2 produced divided by the oxygen consumed in the oxidation of all metabolizable fuels in the diet, and requires a dietary history (24 h recall) (Black et al, 1986) . The PAL is then calculated by dividing TDEE by the BMR (TDEE/BMR). The BMR was calculated using Schofield's equations (1985) . Based on energy requirements of adults (Shetty et al, 1996) we adopted a PAL cutoff of 2.0 and greater to define strenuous activity. For the measurement of milk output, the time course of enrichments TEE, PAL and milk output in rural Bangladeshi women L Rosetta et al of each isotope in the mother and the baby were fitted to a two-compartment model (Coward et al, 1982) to measure the daily flux of water from mother to baby. In this twocompartment model, the mother was represented as one pool while the baby was represented as the other. Daily water fluxes between the two compartments were calculated, and the water flux from mother to baby represented the daily water transfer during lactation. In addition, daily water fluxes into and out of the primary compartment into which the isotope was given were also obtained, representing daily water intake and loss from the mother. Measurements of water transfer through lactation from the mother and baby were therefore obtained from both deuterium and 18 O enrichments. Calculation of the actual milk intake by the baby was performed using an assumption about the composition of human milk (Coward et al, 1982) .
Data were analysed using SPSS for Windows statistical package (version 11.0). t-test, repeated measure analysis of variance (ANOVA), and linear regression were used to compare tea workers and nontea workers characteristics. Statistical significance was accepted at the 5% level. The results are reported as mean (s.d.).
Ethical approval was obtained from The Bangladesh Medical Research Council and informed consent was obtained from all women after the purposes and their involvement in the study was explained.
Results
The 29 women were between 18 and 39 y of age, with the majority (59%) between 25 and 34 y old, 27% were between 17 and 24 y and 14% aged 35-39 y. No significant difference in age groups was apparent between workers and nonworkers. Overall the mean body weight and height were 37.2 kg (range, 30.6-50.9 kg) and 145.7 cm (range, 135.7-156.8 ) and the means were not different between workers and nonworkers (Table 1) . Mean BMI was 17.4 (range, ) and 14% had a BMI o16 (chronic energy deficiency (CED) Grade III (Shetty & James, 1994) , 28% were CED Grade II (BMI from 16 to16.9), 38% CED Grade I (BMI from 17 to 18.5) and only 21% were in the normal range (BMI from 18.5 to 25). Workers, on average, had a significantly higher mean BMI.
The percentage body fat determined from TBW measurements by the 18 O dilution method and by prediction from the sum of four skinfold measurements is presented in Table 1 . The mean (s.d.) TBW in the whole group, measured by 18 O, was 57.1 (3.7)% when expressed as a percentage of the body weight, and the ratio of TBW measured by deuterium and 18 O was 1.06 (0.04). The results show that workers have apparently significantly higher percentage body fat based on skinfold measurements but not using the DLW method (Table 1) . A repeated measures analysis of variance (not shown) was used to test whether the percentage fat measurements were consistent for each individual. The analyses revealed significant intraindividual heterogeneity (F ¼ 11.6, P ¼ 0.002) and was due primarily to the higher mean fat percentage derived from the DLW method compared with the four skinfold measurements. The intraindividual variation was found in both tea workers and nontea workers. The mean FQ of the subjects was 0.953, reflective of their high carbohydrate diets. TDEE ranged from 5.3 to 11.7 in workers and from 4.4 to 11.4 in nonworkers while for PAL the ranges were from 1.20-2.72 to 1.09-2.55, respectively. Overall workers had significantly higher TDEE and PAL than nonworkers and 35% of workers were engaged in strenuous work (PAL Z2.0) compared with only 17% of nonworkers.
Milk output ranged between 422-946 and 498-1069 ml in workers and nonworkers, respectively but no significant difference in means was found between the two groups. Although the infants were receiving some solid foods it was of interest to see whether there was any relationship between milk consumed by the infant and their body weight. The infant body weight at the time of the DLW study was very similar in the two groups and for the whole sample there was a significant positive linear relationship (r ¼ þ 0.46, Figure 1 ) TEE, PAL and milk output in rural Bangladeshi women L Rosetta et al between infant body weight and milk output (F ¼ 7.11, P ¼ 0.013). This linear relationship was consistent in both workers and nonworkers. Finally, the mothers were classified into two groups on the basis of whether their menses had returned by the time of the DLW study (yes returned, n ¼ 8, no, n ¼ 21). No significant associations were found with menses return and any of the anthropometric, body composition, and PAL measures. Because of small sample sizes no attempt was made to differentiate by workers and nonworkers.
Discussion
This study of lactating women working and living in tea gardens in north-east Bangladesh revealed that the vast majority (79%) were suffering from some degree of chronic energy deficiency (as defined by BMI) with one in seven suffering from CED Grade III. All of the nonworkers had a BMI o18.5 and only six (35%) workers had a BMI in the normal range. Overall tea workers had a significantly higher mean BMI, which might partly be a reflection of the income differential.
The mean TBW % in the sample of women was within the range expected in women of this age, although it is not clear as to why a high mean ratio of TBW measured by deuterium and 18 O was obtained in this study when compared to the value of 1.04 that has been reported for these measurements (Coward, 1990) . The measures of percentage body fat by the two methods are similar to data from Indian women (percentage fat 20.4675.18, Kuriyan et al, 1998) and are suggestive of women with chronic energy deficiency. The differences between the methods was as high as about 25% in the nonworker women, highlighting the risk of inaccurate measurements by the skinfold method, in spite of a good reported validation of the skinfold method in similar Indian women, using hydrodensitometry as the reference method (Kuriyan et al, 1998) . One possibility for this discrepancy between studies, is that there might have been differences in the measured size of one or more skinfolds, due either to technique, or to differences in the morphology of the study subjects. Well-nourished women from developed countries have a percentage body fat between 22 and 25% for normal females and between 17 and 22% for lean subjects and it has been shown that Asian women with lower BMIs tend to have higher percentages of body fat compared to their American counterparts, particularly at younger ages (Gallagher et al, 2000) . A recent analysis also showed that Asian women (excluding Chinese) had a lower BMI for the same age and percentage body fat, as did white women (WHO, 2004) . Depending on which fat measure is used between 10.3 and 31% of women had percentage body fat below 17%. Percentage fat measurements derived from skinfold measurements suggest significantly higher percentage body fat in workers than nonworkers.
The apparent discrepancies in percentage fat measurements might be due to a variety of reasons including imprecise computation of body density (through using Durnin and Womersley age-specific equations, which are based on well-nourished European men and women of known age) and an incorrect hydration factor of the FFM (Wang et al, 1999a and b) . For example, in a 40 kg woman with 60% TBW, the difference in using an hydration factor for the FFM of 0.73 and 0.72 gives an error of about 6% in the determination of body fat in kg. Water turnover was significantly higher in workers than nonworkers indicating that more water was being drunk and passed out of the body either as sweat or as urine. It could also be that the DLW method should be applied with caution to pregnant and postpregnant women given their accumulation of fat, although the error associated with fat synthesis and deuterium sequestration is likely to be small, as one study on adult males in short-term positive energy balance showed (Haggarty et al, 2000) .
There is a paucity of data on milk output at 12 months postpartum. Goldberg et al (1991) estimated milk output at 3 months postpartum as 7917196 g/day in a group of wellnourished Cambridge UK women, while Butte et al (2001) reported a mean output at 3 months postpartum of 7637144 in a group of primarily white American women. In a longitudinal study of Papua New Guinea women over a 24-month period, Orr-Ewing et al (1986) found that milk output rose from 6017100 g/day at 1 month to a maximum of 9017211 at 9 months and fell to 5017188 g/day at 24 months. In the Bangladeshi sample the overall mean milk output of 7037184 g/day was still high even though most of the mothers were 12 months postpartum when the study was undertaken (range, 10-13 months postpartum). The mean milk output of both working and nonworking mothers was not different which is surprising since the nonworkers Figure 1 Linear relationship between infant body weight and milk output.
TEE, PAL and milk output in rural Bangladeshi women L Rosetta et al would be feeding their infants on demand while the majority of workers were separated from their infants during the working day. No significant relationship was found between milk output and duration of postpartum which is probably a reflection of the small postpartum range examined here as well as the known individual variation in daily milk production. Unfortunately the milk composition and quality could not be determined.
The physical activity level of the workers was quite high and 59% of them had PAL above 1.8 compared with 25% in nonworkers. Dewey et al (1994) found that PAL ranged from 1.48 to 1.74 in sedentary and exercising USA lactating mothers up to 20 weeks postpartum, while Goldberg et al (1991) reported that PAL increased from 1.50 to 1.56 and 1.59 in lactating mothers 4-6, 8-9, and 12-13 weeks postpartum, respectively. Higher mean PALs of 1.82 and 1.79 were found in a group of Swedish mothers at 8-9 and 26-27 weeks postpartum, respectively (Forsum et al, 1992) . In this study, the PAL values for nonworkers are comparable to physical activity values of women living in rural areas with lower BMI, for example, PALs of 1.72 and 1.60 at 3 and 6 months postpartum, respectively, in rural Mexican women (Butte et al, 1997) , while the Bangladeshi workers had a mean PAL of 1.92, which was very similar to that found in Filipino lactating women (1.80-1.98, Guillermo-Tuazon et al, 1992), Nepali women (1.94, Panter-Brick, 1993) and Gambian women (Roberts et al, 1982) where heavy work is resumed soon after birth.
In conclusion, the present study demonstrates that these mothers were suffering from chronic malnutrition as exemplified by the low BMI and low percentage body fat. Even so mothers engaged in paid work were, on average, of higher BMI and had higher PALs than nonworking mothers. Both groups of mothers produced high quantities of milk at about 12 months postpartum.
